Colonization with Helicobacter pylori eventuates in varied clinical outcomes, which relate to both bacterial and host factors. Here we examine the relationships between cagA status, serum and gastric juice antibody responses, and gastric inflammation in dyspeptic patients. Serum, gastric juice, and gastric biopsy specimens were obtained from 89 patients undergoing endoscopy. H. pylori colonization and cagA status were determined by histology, culture, and PCR methods, and acute inflammation and chronic inflammation in the gastric mucosa were scored by a single pathologist. Serum and gastric juice antibodies to H. pylori whole-cell and CagA antigens were determined by enzyme-linked immunosorbent assay. Relationships between variables were sequentially analyzed using univariate and multivariate statistical methods. Of the 89 subjects, 62 were colonized by H. pylori. By univariate analyses, levels of serum immunoglobulin G (IgG) and IgA and gastric juice IgA antibodies against whole-cell and CagA antigens each were significantly higher in the H. pyloripositive group than in the H. pylori-negative group (P < 0.001). H. pylori and CagA seropositivities were both significantly associated with enhanced inflammation in gastric antrum and body (P < 0.02). The presence of gastric juice antibodies to H. pylori antigens was associated with more severe gastric inflammation. However, in multivariate analyses, only the presence of serum antibodies against CagA and, to a lesser extent, whole-cell antigens remained significantly associated with acute and chronic inflammation in antrum and body (P < 0.05). Thus, serum antibody response to CagA correlates with severity of gastric inflammation. Furthermore, given the relationships demonstrated by multivariate analysis, determination of gastric juice antibodies may provide a better representation of serum, rather than secretory, immune response.
Helicobacter pylori is a persistent gastric colonizer of approximately half of the human population (46) . Carriage of H. pylori is usually asymptomatic but is associated with an increased risk of gastric and duodenal ulceration, atrophic gastritis, and adenocarcinoma of the distal stomach in 10% of colonized individuals (5, 19, 26, 32, 58) . The enhanced risk of these diseases is due to the ability of H. pylori to induce chronic inflammatory responses in the gastric mucosa (5) . Since illness develops in only a fraction of carriers, it is important to identify host factors and H. pylori characteristics that affect the risk of developing disease.
The production of an immunodominant 120-to 140-kDa protein encoded by the cytotoxin-associated gene A (cagA) by some strains of H. pylori is one potential virulence factor that alters clinical manifestation. cagA is present in approximately 60% of H. pylori strains in the United States (10, 51) . The presence of cagA and the serologic response to its product (the CagA protein) are markers for the presence of the cag pathogenicity island (24, 50) , a 37-to 40-kb genomic region that functions to interact with the gastric epithelium (7, 22, 36, 52) .
Evidence indicates that persons who carry cagA ϩ H. pylori strains develop a more pronounced inflammatory response (13, 42, 47) and have an increased risk of developing peptic ulceration and non-cardia gastric adenocarcinoma, compared to persons carrying cagA-negative strains (6, 13) .
Analysis of these relationships has relied predominantly on the presence or absence of specific serum antibodies to the CagA protein (6, 12, 25, 40) . Several investigations, however, have demonstrated a strong relationship between gastric mucosal inflammation or ulceration and gastric juice antibodies directed against H. pylori antigens (13, 23, 55) , as well as to culture and PCR analysis of H. pylori obtained directly from gastric juice (1) . These studies suggest that specific gastric juice antibody responses (mainly secretory immunoglobulin A [IgA] ) to CagA may serve as biomarkers for pathological outcome. The goals of this study were to examine whether the cagA status of H. pylori strains in dyspeptic patients or host differences in serum and gastric juice antibody responses to both H. pylori whole-cell (WC) and CagA antigens are related to gastric histopathologic findings.
MATERIALS AND METHODS
Study population. Study subjects were patients at the Nashville Veterans Affairs Medical Center who underwent gastroduodenal endoscopy for dyspeptic symptoms, as previously described (17) . Patients were excluded if they were receiving steroids or other immunomodulating drugs, were abusing alcohol or illicit drugs, or had taken antimicrobial agents within the prior 2 weeks. Patients currently using nonsteroidal anti-inflammatory drugs were included in the study population. All subjects gave informed consent for study participation. Of the original 130 subjects, adequate quantities of serum and gastric juice, complete histologic characterization of biopsies, and microbiologic characterization of the H. pylori isolates were available from 89 patients. There were no significant differences in patient diagnoses or demographics between these 89 studied patients and the 41 patients excluded from the study.
Endoscopic procedures, quantitative H. pylori culture, and histologic analysis were performed as previously described (1) . Upper endoscopy was performed in the morning after an overnight fast which began at midnight. All gastric juice samples were obtained early during the endoscopy after entering the stomach. No extra information on gastric juice secretion was available. During endoscopy, gastric mucosal biopsies were obtained from the gastric corpus and the greater curvature of the gastric antrum. From each site, two gastric biopsy specimens were obtained for quantitative culture and two for histologic evaluation. For 83 (93%) of the 89 patients, all biopsies were obtained: for six patients, biopsy samples were available from a subset of gastric sites. Serum samples were also collected from each patient on the day of the endoscopic procedure.
Biopsy specimen preparation and analysis. Gastric biopsy specimens were immediately transferred to individual preweighed sterile microcentrifuge tubes containing 50 l of saline at 4°C and processed within 1 h. Each biopsy specimen was homogenized and resuspended in 250 l of sterile saline. For quantitative cultures, serial 10-fold dilutions in saline were inoculated on Trypticase soy agar with 5% sheep blood (BBL, Cockeysville, MD) and incubated under microaerobic conditions (CampyPak Plus; BBL) at 37°C for 4 days. H. pylori was identified based on positive urease, catalase, and oxidase tests and by typical appearance on Gram's stain as described previously (17) .
Quantitative bacterial culture. We estimated the number of H. pylori present in a gastric biopsy using the methods previously described (25) . Due to the intensive nature of serial dilutions for quantitative bacteriology (1), analysis was performed on only 40 of the 62 patients ultimately found to be carriers of H. pylori.
RNA extraction. From each biopsy yielding H. pylori, mRNA was extracted, and PCR analysis was performed for detection of cagA ϩ status, as previously described (41) . A lower limit of detection of cagA positivity corresponding to 2 CFU was obtained with this assay, and results were analyzed by a blinded observer (41) .
Histological assessment. Histology was evaluated using microscopic examination by a single experienced pathologist (K.T.) unaware of the patients' clinical diagnoses or the H. pylori strain characteristics. Adjacent 4-m paraffin sections were stained with hematoxylin-eosin and with modified Giemsa stain. Bacterial density was also quantified in the Giemsa sections by counting H. pylori organisms on the mucosal surface and in the foveolae and dividing by the number of high-power fields included. Areas of intestinal metaplasia were not colonized and thus were excluded from this analysis. Histologic features were graded using the hematoxylin-eosin sections, as described previously (1, 41) . The features scored were infiltration of neutrophils, lymphocytes, and plasma cells; epithelial degeneration (irregular luminal cell borders, nuclear pyknosis, and cytoplasmic eosinophilia); mucus depletion; and epithelial erosion. Each feature was graded in both biopsies from each site (antrum or corpus), and a mean score for both chronic and acute inflammation from each side was determined.
Serum antibody analysis. Anti-H. pylori IgG antibody levels in serum were determined by use of an enzyme-linked immunosorbent assay (ELISA) that has a sensitivity and specificity of 95% and 96%, respectively, as described previously (16, 45) . The antigen used in this assay consists of a preparation of sonicated whole cells from five H. pylori isolates. An optical density (OD) ratio was calculated for each sample based on the mean optical densities at 405 nm of two assays per sample and the mean of two standardized positive control samples from the same ELISA plate. An OD ratio greater than or equal to 1.0 was defined as evidence of the presence of a H. pylori response, as described previously (6, 39) . Excellent reproducibility was found using this assay, with a variance of duplicate test results of less than 5%. Serologic determination of CagA status was assessed by use of an ELISA to detect the presence of serum IgG directed against ORV220, a truncated recombinant CagA protein, as described previously (6) . An absorbance index below 0.35 in this assay was considered negative, while a value above 0.35 was considered positive (25) . This ELISA was validated to maximum sensitivity and specificity using sera from persons known by other methods to be colonized by cagA ϩ or cagA-negative H. pylori strains. Gastric juice antibody analysis. Anti-H. pylori and anti-CagA IgA antibody levels in gastric juice were also determined by ELISA using the same antigens described above, with the following modifications. Gastric juice samples were stored at Ϫ70°C for a period between 1 and 5 years before they were tested.
Gastric juice samples were collected, diluted 1:1 in Tris-Trasylol (aprotinin, protease inhibitor) neutralization buffer (pH 7.6), and immediately frozen to Ϫ70°C. Prior to assay, samples were further diluted 1:4 in Dulbecco's phosphatebuffered saline with 2.5% bovine serum albumin. Samples were added to antigencoated wells, incubated for 1 h at 37°C, washed three times in dilution buffer, and then bound with extravidin-labeled alkaline phosphatase (Sigma) for 1 h. The presence of bound antibodies was detected by reaction with p-nitrophenol and measurement of absorbance at 540 nm.
Statistical analysis. For the purposes of univariate analysis, comparisons between groups of different serum and gastric juice antibody statuses were done using two-tailed heteroscedastic Student's t tests. To eliminate the statistical effects of confounding variables, multivariate analysis was performed. The inflammation scores for patients with pathological confirmation of H. pylori gastric colonization were converted into dichotomous variables, stratified by gastric site and acuteness of inflammation. Acute inflammation was graded as either present (a score of 1 to 3) or absent (a score of 0). As nearly all patients had some degree of chronic inflammation, this variable was divided into a high level (a score of 2 to 3) or a low level (a score of 0 to 1) of inflammation. Serum whole-cell IgG and IgA antibody levels were normally distributed and thus were converted into quintiles. Levels of serum IgG antibody to CagA were categorized as absent (Ͻ0.35) or present (Ͼ0.35). Gastric juice antibody levels were dichotomized into undetectable (0) and detectable (Ͼ0) groups. Four models were constructed to analyze the relationship between antibody levels and acute, chronic, antral, and fundal gastric inflammation. The exact binomial method was used to calculate 95% confidence intervals for proportions. The Chi-square test or Fisher's exact test was used to compare the proportion of patients with high or detectable antibody levels and gastric inflammation. All variables with a P value of Ͻ0.35 by univariate analysis were entered into a multivariate logistic regression model. Variables with a P value of Ͻ0.05 were considered statistically significant and retained in the final model.
RESULTS
Demographic characteristics of the study population. Demographic data for the 89 subjects are presented in Table 1 . The population consisted largely of male Caucasians, with an average age of 55 years. Diagnoses made during endoscopy included esophagitis, non-ulcer dyspepsia, duodenal erosions, duodenal ulcer, and gastric ulcer. Stratification of the population based on H. pylori status revealed differences in demographic characteristics for the two groups. As expected, the 62 H. pylori-positive patients tended to be older and had a higher frequency of peptic ulcer disease ( Table 1) . The 27 H. pylori- negative subjects were more likely to have a diagnosis of esophagitis or non-ulcer dyspepsia. H. pylori-specific antibody responses in serum and gastric juice. To characterize the range of host responses to H. pylori in our study population, specific antibodies against H. pylori WC antigen and CagA antigen were quantified in serum and gastric juice samples. As expected, the H. pylori ϩ group produced significantly higher mean antibody responses compared to the H. pylori-negative group in all assays of serum and gastric juice (P Ͻ 0.05 in each case) (Fig. 1, group A, all panels). H. pylori ϩ subjects were then stratified by cagA status, as determined by PCR, serology, or both (Fig. 1, groups B , C, and D). Between the cagA ϩ and cagA-negative groups, there was no difference in mean serum IgG or gastric juice IgA antibody levels against WC antigens, using either PCR or serologic criteria to define cagA status, as expected. In contrast, by both diagnostic criteria, there were significantly higher levels of serum IgG antibodies to the CagA antigen among subjects carrying cagA ϩ strains (P Ͻ 0.001). Gastric juice IgA antibodies to CagA antigen were significantly higher only in subjects positive for CagA by the serum antibody criterion. To more stringently assess these relationships, subjects who were determined to be cagA ϩ by both PCR and serologic criteria were compared to those who were negative in both categories. This comparison again showed significantly higher levels of anti-CagA serum IgG antibodies in the patients colonized by cagA ϩ strains (P Ͻ 0.001), while serum and gastric juice antibody responses to the WC antigens showed no difference, as expected ( Fig. 1, groups B and D, panels I, II, and III). The gastric juice IgA antibody response to CagA antigen, however, was no longer significantly different (Fig. 1, groups B and D, panel IV). These data indicate that serum and gastric juice antibodies to H. pylori WC antigens and gastric juice IgA antibodies to CagA are not affected by the cagA status of the colonizing strain. The serum IgA response to whole-cell antigen was identical to the response in IgG (data not shown). Secretory IgA may be unstable during multiple freeze/thaw cycles, but, our results showed that, for the H. pylori-positive patients, there was no decline in secretory IgA response. Furthermore, we did not observe any correlation either direct or Relationship between H. pylori status and gastric mucosal inflammation. We next sought to assess the relationship between H. pylori status and intensity of gastric mucosal inflammation. Gastric antral and body mucosal biopsy specimens from 88 of the 89 patients were scored for acute and chronic inflammation; a combined inflammation score was also calculated (Table 2) . Subjects colonized with H. pylori exhibited significantly higher mean antral and corpus inflammation scores in all categories, compared to noncolonized subjects (P Ͻ 0.001 in all cases). Comparison of mean severity of inflammation between patients carrying cagA ϩ and cagA-negative strains showed that essentially all scores were significantly higher in the former group (P Ͻ 0.05), regardless of the definition used. Quantitation of colonizing bacteria, however, was not significantly different between the groups, regardless of the criteria used for determining cagA positivity (Table 2) , indicating that the ability to induce more intense gastric damage is not due to increased colonization density.
Relationship of immune response to gastric mucosal inflammation. To determine which antibody markers may be associated with gastric inflammation, we performed both univariate and multivariate analyses, using a threshold to define the presence of an antibody response in colonized patients. For each assay, antibody producers were defined as subjects with an OD ratio greater than the mean OD ratio plus 2 standard deviations found in the noncolonized group of patients. Using this definition, the presence of serum IgA antibodies to H. pylori WC antigen was not significantly associated with increased inflammation scores of any type (Table 3) , nor was the presence of a serum IgA response to CagA antigen significantly associated with inflammation (data not shown). In contrast, univariate analysis demonstrated that the presence of a serum anti-CagA IgG response was associated with increased inflammation in both the antrum and corpus, regardless of chronicity (P Ͻ 0.05) ( Table 3) . While no statistically significant association was demonstrated between inflammation and a serum Table 2 are from independent two-tailed t tests. g CagA status as determined by an anti-CagA serum IgG ELISA OD ratio to positive control of Ͼ0.35.
IgG response against WC antigen, most categories did suggest a trend in this direction (data not shown).
Patients who produced gastric juice IgA antibodies to H. pylori WC antigens had significantly higher inflammation scores in gastric body biopsies (P Ͻ 0.05 for each analysis) but not in antrum biopsies (Table 3) . Similar comparisons of gastric juice anti-CagA IgA antibody production showed significant differences in the presence of acute and combined inflammation in gastric body biopsies. Gastric juice antibody levels showed no significant relationship with quantitative cultures (Table 3) .
Multivariate analysis was then performed to identify independent predictors of gastric pathology. Among the variables studied, including patient demographics and serum and gastric juice antibodies levels, only serum antibody levels were significantly associated with increased levels of inflammation (Table  4) . Serum IgG antibody to CagA was a significant predictor for increased severity of inflammation in each of the four models d Antibody nonproducers represent negative subjects with mean ELISA OD ratio of Ͻ meanϩ2 standard deviations of the OD ratio from the H. pylori-negative group of subjects (n ϭ 27); antibody producers represent positive subjects with an OD ratio equal to or greater than the mean ϩ 2 standard deviations.
e All P values in Table 3 are from independent two-tailed t tests. on October 11, 2017 by guest http://cvi.asm.org/ studied (antral, body, acute, and chronic). Additionally, levels of serum antibodies to WC antigens, while not significant in univariate analyses, were significantly associated with total body and total acute inflammation, though to a much lower extent than were antibodies to CagA. Multivariate analysis revealed no independently significant correlations between gastric juice antibodies against either antigen and gastric inflammation.
Relationship of antibody response, gastric inflammation, and quantitative culture to disease status. Within the group of 62 patients colonized with H. pylori, we also sought to determine if the clinical diagnosis of peptic ulcer disease (n ϭ 23) was associated with differences in antibody levels, inflammatory responses, or bacterial numbers, compared with those in patients without ulcerative disease (n ϭ 39). Patients with peptic ulceration had significantly lower acute inflammation scores in the gastric corpus (mean, 0.65 Ϯ 0.83) than did the patients without ulcer disease (mean, 1.16 Ϯ 1.00) (P Ͻ 0.04). In addition, patients with peptic ulcer disease had lower levels of gastric juice IgA antibodies to H. pylori WC antigens (mean OD, 0.13 Ϯ 0.25) than did patients without peptic ulcer disease (mean OD, 0.44 Ϯ 0.82) (P ϭ 0.03). Quantitative bacterial culture and other serological and histological findings were not related to ulcer disease (data not shown).
DISCUSSION
In this study, we have shown that subjects colonized with H. pylori have serum and gastric juice antibody levels to WC and CagA antigens and subjects colonized with H. pylori cagA ϩ strains had increased levels of serum IgG antibodies to CagA antigen, a response associated with more severe gastric inflammation, as demonstrated by multivariate analysis. In contrast, gastric juice antibody levels showed little independent relationship to inflammation or severity of disease.
Our study was conducted using a homogeneous population, composed primarily of symptomatic male Caucasian veterans. While this distribution limits confounding demographic variables and improves the consistency of patient selection, endoscopic methods, histologic scoring, and sample preparation, it limits our ability to generalize to larger populations. The use of only symptomatic patients also limits our ability to understand the effects of H. pylori colonization on inflammation and antibody formation in asymptomatic persons, a distinction that may be particularly relevant to gastric juice antibodies. However, that these patients received a wide variety of clinical diagnoses demonstrates that symptoms were not necessarily correlated with specific clinical or histologic disease. Finally, while the sensitivity and specificity of the ELISA for gastric juice antibodies used in this study have not been previously characterized, gastric juice antibody production against H. pylori WC and CagA antigens in H. pylori-positive individuals was significantly correlated with serum antibody production, measured using a well-established assay (6, 45) .
An important strength of this study is that we performed a multidimensional analysis, including demographic and clinical factors, H. pylori strain characteristics, serum and gastric juice humoral responses, tissue responses to the organism, and H. pylori enumeration, based on quantitative culture rather than histological estimation. Examination of these data in multivariate analysis extends previous univariate analyses, including our own (8, 12, 14, 15, 40, 42) , improving confidence in our understanding of the underlying phenomena.
A wide body of evidence suggests that the presence of cagA ϩ strains, or at least the presence of serum antibodies to the CagA antigen, is an important predictor of clinical outcome in Western populations (6, 13) . This is not surprising, since cag ϩ strains inject the CagA protein into gastric epithelial cells (22, 36) . In Asian populations, in which most H. pylori-positive persons carry cagA ϩ strains, such relationships cannot be shown (31, 37) or, if present, are less clear cut (21, 48, 59 ). An important question that must be addressed is to define the "gold standard" for cag positivity. Culture-based methods are traditionally the gold standard for assessing microbial presence, but in using culture to assess cagA status, several problems have emerged. First, humans may simultaneously carry both cag ϩ and cag-negative strains, and if only a single colony is used as the basis to determine cag presence, this may represent a false-negative result (18, 20, 49, 53) . Second, even among persons known to carry cag ϩ strains, there may be a spontaneous loss of cagA and other parts of the cag island (53, 57) . Third, sequence heterogeneity and technical limitations may compromise PCR methodologies (54) . Thus, mucosal and serum antibody analyses have an important advantage over culture-based methods for detecting cag positivity, since they are, in effect, global tests that sample the entire stomach. Host responses to H. pylori antigens vary widely (2), reflecting the highly variable interactions with these microbes (3, 5) , and depending on the threshold used, serologies also may be falsely negative. Within our study, we found that four persons who were PCR negative for cagA were positive by serology. Conversely, of 39 patients known by PCR to carry a cag ϩ strain, 12 did not meet the serologic criterion. Thus, to maximize accuracy, we used "gold standard" groups who were positive in both PCR and serologic assays or negative in both. Using this relatively stringent classification, the results in the univariate analyses were nevertheless nearly the same as when only PCR or the serologic criterion was used. Carriage of a cagA ϩ strain was associated with increased acute and chronic cellular responses in both gastric antrum and body, in comparison to carriage of a cagA-negative strain.
For the first time, using multivariate analysis, we show that the presence of serum IgG antibodies to CagA is strongly associated with each of four interrelated measures of inflammation, classified as affecting the body or antrum (regardless of histological type) and as acute or chronic (regardless of anatomic site). The effects are consistent and large, with adjusted odds ratios ranging from 4.8 to 9.5. These results are compatible with the hypothesis that colonization with an H. pylori population consisting predominantly of cagA ϩ strains induces a substantially different host response than does a predominantly cagA-negative population (4). It has become increasingly clear that such differences also may be clinically relevant for the risk of development of such diseases as duodenal ulceration, noncardia gastric cancer (6, 10, 13, 34, 35) , as well as Barrett's esophagus and its sequelae (9, 30, 43, 56) , in Western populations.
In addition to the importance of cagA positivity on clinical outcome, these data indicate a smaller but independent association between serum IgG antibodies to WC antigens and total body and total acute inflammation (adjusted odds ratio, 1.6 to 1.7). Observing a direct association of serum IgG antibodies to H. pylori WC antigens and the risk of development of noncardia gastric cancer and peptic ulceration, we earlier hypothesized that the increased antibody levels may reflect enhanced inflammation (33, 44) . The current results support that hypothesis; however, they do not permit discrimination as to whether the higher serum antibodies may contribute to enhanced inflammation, as an immunoregulatory phenomenon, or merely reflect the extent of inflammation. While the effect of increased antibody levels is much smaller in magnitude than that associated with cagA positivity, the height of these levels may have future clinical relevance in assessing individual patient risk.
In this study, the level of gastric juice IgA antibodies to either the H. pylori WC or CagA antigen was significantly associated with acute inflammation of the gastric body in univariate analysis (Table 3) , as previously observed (11, 13, 42) . However, the lack of an association in the multivariate analysis suggests that this phenomenon is secondary to the underlying association of acute body inflammation with serum antibody levels. As a result, assessment of gastric juice antibody levels may not accurately represent secretory immune responses but merely reflect serum responses; we find no added utility as markers for enhanced tissue damage. A report from Thailand confirmed the poor sensitivity of gastric juice IgA to assess H. pylori status (27) . Another potential explanation is that secretory IgA may be unstable when stored in the freezer. However, our results did not show a correlation between time of storage and secretory IgA levels in the gastric juice samples of the H. pylori-positive patients. Thus, although freezer storage could partially affect the secretory IgA levels, it is not sufficient to completely explain the negative results reported here.
Quantitative culture results were not associated with inflammation scores in either univariate or multivariate analyses, findings consistent with prior studies (28) . The only correlation found by investigators in Korea (29, 38) was between gastric juice pH and H. pylori density, confirming our observations. These findings suggest that the relationship between the degree of H. pylori colonization and subsequent host response is complex and predominantly host specific.
In conclusion, we have extended earlier findings indicating that carriage of cagA ϩ strains, as determined by PCR or serology, has a substantial impact on the extent of gastric inflammation and, consequently, on the risk of upper gastrointestinal disease. In contrast, gastric juice antibodies to H. pylori WC and CagA antigens do not appear to have an independent effect on either inflammation or disease, and their determination may better reflect the serum, rather than the secretory, immune responses to H. pylori.
